introduction
The construction engineering is beset with a high degree of risk due to its complexity, particularly in coordinating a wide range of disparate and interrelated skills and activities under the constraint of time and resources (Deviprasadh, 2007; Tieva and Junnonen, 2009; leung and Hui, 2005) . for PPP projects, such complexity is further compounded by its additional external uncertainties and the wide extension of the disciplines, public agencies and various stakeholders involved (Thomal et al., 2006) . PPP stakeholders are exposed to high risks as projects typically involve high capital outlays, long lead times, and long-lived assets with little value in alternative use (Zayed and Chang, 2002) . With PPP projects becoming increasingly complex, industrial practitioners have to rethink their measures to risk management within their projects and organizations (Carr and Tah, 2001) . It is reported that a majority of PPP projects in China encountered cost overrun, schedule delay, or failed to deliver service as defined in the concession agreement (Zeng et al., 2008) . The main causes for such predicaments include (1) a lack of effective risk evaluation procedure; (2) underestimation of the time and resource limit; (3) insufficient consideration of changes in project implementation; and (4) undervaluing the changes in exchange rates. The need for establishing an effective risk management for PPP projects is becoming more urgent (Choi et al., 2004) .
To keep pace with an increasing trend of infrastructure developments, substantial studies have been reported concerning various aspects of PPP projects risk management. They mainly include:
risk identification -identify critical risk -factors of PPP projects; risk evaluation -evaluate how the critical -risks affect the success of PPP projects; risk allocation -establish equitable risk -sharing mechanism among stakeholders. a number of academic researchers provided detailed risk registers for PPP projects (Jin and Doloi, 2008; yuan et al., 2007; li et al., 2005; Zeng et al., 2008; andi, 2006) . It is believed that a comprehensive list of risk factors will provide PPP practitioners with an useful tool in setting up and executing a successful PPP concession agreement (Xenidis and angelides, 2005) , which can also serve as a basis for risk identification, evaluation, allocation, and response. To evaluate risk criticality, questionnaires are widely employed to rank the identified risk factors through some kinds of scoring system to account for both the probability of risk occurrence and the consequent impact on the project. Zeng et al., (2008 Zeng et al., ( ), roumboutsos and anagnostopoulos, (2008 Zeng et al., ( ), and li et al., (2005 reported the rankings of risk factors in China, Greece, and the UK respectively. Chan et al., (2010, 2009a, 2009b) investigated the critical success factors, drivers for adopting PPP, and obstacles for PPP implementation respectively. The top three obstacles rated by the Chinese respondents were found to be (1) lengthy delays in negotiation; (2) lack of experience and appropriate skills; and (3) lengthy delays due to political debate. Chen and Doloi (2008) considered that the most significant China-specific impeding factors for BOT projects are opaque and inadequate legal system, complex approval system, regulatory constraints on market entry, and low market prices for infrastructure products and services. Wang (2008) advocated that a reasonable and practical risk evaluation can help: (1) assess how critical risk factors deter the realization of project objective; (2) assess and ascertain project viability; (3) avoid unsatisfactory projects and enhance enterprise margins. Previous researches on risk evaluation mainly focused on traditional construction projects, and actual empirical research studies targeting PPP projects are still limited (Xu et al., 2010b) . risk assessment is usually performed at the pre-contract stage, when it is still flexible to consider how the risks could be managed (Choi et al., 2004) . However, data collection at this stage is frequently not available; therefore, risk criticality cannot be evaluated accurately. Xu et al., (2010b) presented a fuzzy synthetic evaluation model for assessing the risk level of PPP highway projects based on the data obtained from a two-round Delphi survey. It revealed that political risk is the most significant risk that places critical barriers for PPP highway projects to succeed in China. Knight and fayek (2002) applied a fuzzy logic model to predict cost overruns on engineering design projects. Wang and Elhag (2007) developed a fuzzy group decision making approach for bridge risk assessment. forbes et al. (2008) stated that there are a total of 36 different methods available to identify and evaluate risks. However, the practical application of risk evaluation techniques on construction projects is limited, and it is confined mainly due to a lack of confidence in the technique (forbes et al., 2008) .
Moreover, PPP brings about a redistribution of risks amongst the project participants. early researches show that the reasonable allocation of risks among the contracting parties in a PPP contract is a critical factor for the success of the project (li et al., 2005; Majamaa et al., 2008) . Jin (2010a) confirmed that the performance of public-private partnership (PPP) infrastructure projects is largely dependent on whether the adopted risk allocation mechanism is equitable. a substantial number of studies have been devoted to seek appropriate approaches to facilitate risk allocation. Questionnaire survey as one of the most commonly adopted techniques was used by li et al. (2005) , roumboutsos and anagnostopoulos (2008), and Ke et al. (2010) to investigate the risk allocation preference in the UK, Greece, and China, respectively. Jin and Doloi (2008) interpreted the potential allocation mechanism from the view point of transaction cost theory. five main features of the transactions related to PPP projects' risk allocation including (1) partners' risk management routine; (2) partners' risk management mechanism; (3) partners' cooperation history; (4) risk management environmental uncertainty; and (5) partners' risk management commitment were identified by Jin (2010b) . although risk allocation in PPP projects is claimed as capability driven, such claim is usually "violated" by recent industrial practice (Jin and Doloi, 2008) because risk allocation is greatly influenced by participants' risk attitude, risk premium, bargaining power and negotiation tactics and level of governmental support (arndt and Maguire, 1999; loosemore and McCarthy, 2008) . It is a complex and flexible process. A total of 23 factors for risk allocation of PPP projects were identified by Xu et al. (2010a) . However, the decision-making of risk sharing, based on the established risk allocation principles expressed in linguistic terms, which requires qualitative judgment of construction experts, is subjective, partial, and implicit in actual application (lam et al., 2007) . To transform the risk allocation principles in linguistic terms into a more usable quantitative-based analysis, Xu et al. (2010a) established a fuzzy risk allocation model based on Fuzzy Synthetic Evaluation and Jin (2010a) developed a neuro-fuzzy decision support system (NFDSS) by combining fuzzy and neural network techniques.
Given the massive demand of infrastructure, PPPs are not an option, but a necessity. according to the market report of wastewater treatment of BoT projects, the Chinese government will invest US$100 billion on the sewage treatment in 2010-2015. a majority of projects will be procured by PPP model. However, the success of a construction project depends greatly on the extent that the risks involved can be identified, evaluated, allocated and responded (Tam, 1999) . The objectives of this paper are to identify the critical risks of PPP water projects in China and demonstrate their effects by case studies. It is believed to be valuable in directing further PPP research and improving the existing practices of PPP projects.
research methodology
Case study was adopted as the primary data collection method, preceded by review of the relevant PPP literature published between 1999 and 2010. nine PPP water projects were studied and their information was summarized in Table 1 . These cases were collected from 8 different provinces of China. They are: Changchun (in Jilin province); Wuhan (in Hubei province); Quanzhou (in Fujian province); nantong (in Jiangsu province); Zhujiang (in Guangdong province); Jieshou (in anhui province); Shenzhen (in Guangdong province); Chengdu (in Sichuan province); and Xianyang (in Henan province). The case study approach is adopted mainly because it is considered to be the preferred research strategy when a "how" question is asked about a contemporary set of events over which the investigator has little or no control (Singh and Kalidindi, 2009; yin, 2009 ).
examination of the critical risKs in implementing ppp water proJects in china
Content analysis was adopted to identify the critical risks affecting the performance of PPP water projects in China. after the analysis, a total of 11 critical risks affecting the performance of PPP water projects in China were identified and categorized, including: (1) political risk; (2) legal risk; (3) government credit risk; (4) market demand change risk; (5) inflation risk; (6) product price risk; (7) inaccurate market forecast risk; (8) contract risk; (9) financing risk; (10) lack of supporting infrastructure risk; and (11) technical risk. Details of the risk items and their occurrence in PPP water projects are delineated in Table  2 . each risk comprises four elements: (1) risk source; (2) risk event; (3) risk consequence and (Wang and Chou, 2003) . It can be seen that failure to manage these risks effectively may lead to serious consequences including poor quality, schedule delays, budget over-runs, and contractual disputes (Shen et al., 2006) . These risk factors were distilled and classified into three main categories, namely, (1) macro level risks; (2) meso level risks; and (3) micro level risks as shown in Table 3 (li, 2003) . This classification is beneficial to better analyze risk allocation because risk allocation strategies are determined to some extent by the risk category (Wang and Chou, 2003 • The project was liquidated and bought back by the local government. The loss resulting from legal change was assumed by government.
In view of the government has the power to establish and modify laws and thus has a strong ability to control and sustain the legal risk. It is reasonable to allocate legal risk to government.
Wuhan
• Lack of supporting infrastructure
• Government credit risk • The risk of matching network with sewage delivery was undertaken by the government. However, the government did not perform the obligation and the project was left unused for three years after the construction was completed.
• The project was suspended for a period of 36 months and a lake nearby was therefore polluted by sewage.
• Finally, the project was liquidated at a price of 90 million Cny by local government. Providing necessary facilities (such as road, electricity, water, etc) for the construction and operation of PPP projects and fulfilling its promise defined in concession agreement are the obligation of government, so these two risks ought to be assumed by the government.
• Inflation risk • During the construction period of this project, a peasant sports games was held and the government requested the concessionaire to accelerate construction process and strive for completing all the construction work before the opening ceremony of sports games.
• The steel price rocketed from 3300 Cny/tons to 5980 Cny/tons during this acceleration period.
• Cost overrun 5 million Cny. Without doubt, the loss resulting from undue government intervention should be assumed by the government. However, the private sector obtained no compensation from the government in this project.
Inflation factor was usually included in water pricing formula. The project company made an assumption on the inflation within the whole concession period and determined the operational water price for each operational year according to that assumption; the project company should bear the risks arising out of the margin between the actual inflation rate and the assumed inflation rate. • The project was suspended for two months. financing risk was totally assumed by the private sector in this project.
• Price risk • Credit risk • The initial sewage treatment price of this project was 0.83 Cny/ m 3 ; a unit price was set to be adjusted at every five years. The price adjustment cycle is long and the concessionaire was therefore exposed to high price risks. as investments in PPP projects are quasi-irreversible. once the projects start, the private sector rarely has the bargaining power to threaten to suspend or abandon the projects in face of regulation change (such as, price change) issued by the local government.
• The private sector showed little interest in investing follow-up PPP projects. The price adjustment was unreasonable in this project, and the implementation of price adjustment may affected by potential government credit risk.
nantong
• Financing risk • The concessionaire could not obtain loan from commercial banks in time.
• The commercial bank provided loan mainly based on enterprise's property debt table instead of the actual economic viability of PPP projects. This limited the investor's investment ability for PPP projects.
• Schedule delay of six months. Same with case 3, financing risk was totally assumed by the private sector in this project.
• Price risk • The price of water supply has to be approved by the Price Control Bureau every year. The opaque pricing process is a tremendous risk for investors as the price may not rise in accordance with the increase of actual input cost.
• The pricing adjustment mechanism greatly affected the process of negotiation. Pricing risk was shared by the government and the private sector jointly. Similar with case 3, the implementation of price adjustment would greatly depend on the government support. • The government had to pay for sewage treatment fee at full price (unit price × full load) based on guarantee clauses. Same with case 2, risk of lack of supporting infrastructure was totally assumed by the government.
• Technical risk • The project and its process technology were designed based on the standard of household sewage. While more than 60% of sewage was discharged by factories (industrial sewage) in this project.
• Same with case 7.
• Contract risk • According to the "take-or-pay" purchase contract, the government had to pay the private sector for water fee based on the largest productivity rate of 400,000 m 3 per day at a fixed price, instead of the actual work load. It is an inequitable risk sharing mechanism between the government and the private sector as the government undertook all the market risks.
• to Xianyang, the water quality worsened significantly during the operation period of the water sewage plant.
• The amount of input water for depurating is far beyond the designed peak value by about 2-3 times.
• Existing technology and equipment is not effective anymore. In this project, the market demand risk was shared by the government and the private sector. Both the government and private sector were exempted from their respective liabilities.
(Continued) 
r-10
Supporting infrastructure risk Supporting facilities (such as road, electricity, water, etc) which are necessary for the construction, operation, and management of PPP water projects, is not available in a timely manner or at fair rates.
r-11
Technical risk The technology adopted is not mature or able to meet the requirements of project construction or/and operation.
discussions on the origin and allocation mechanism of critical risKs
To handle risks successfully, industrial practitioners need to fully understand the risk origin and their allocation mechanism. However, there are often different interpretations of risk origin and their sharing model between the government and the private sector. Disagreements may result from the absence of related information, unclear stipulations, or queries about the fairness of risk allocation (Wang and Chou, 2003) . This section will discuss the origin and allocation mechanism of critical risk factors to highlight and corroborate the risks identified from the aforesaid case studies based on early literatures.
r-1 political risk

R1-1 Origin of Political Risk.
Political risk may exist in all aspects and stages of PPP projects, and mainly includes:
1. Government intervention risk: It refers to excessive administrative intervention or ineffective supervision. The government may intervene in the design, site selection, engineering construction, operation, and product sales of PPP projects by means of issuing compulsory regulations, ordering the purchase of raw materials from designated suppliers, and collecting additional charges for the use of chartered rights, and so on (fan, 2005; Sachs et al., 2007) . 2. Government support risk: It relates to the abrogation of the Project Company's franchised right midway, the alteration of taxation policy or the import and export restrictions, as well as the abolishment of the corresponding preferential policies, including those on land requisition, dismantling and relocation, and the compensatory money. Moreover, the government may apply discrimination treatment for the foreign concessionaires of the PPP projects and release a series of policies to protect local enterprises, such as discriminatory tax rate, strict control of selling price, and so on (Sachs et al., 2007) . 3. Bureaucracy and corruption risk: It means that the government's officials or representatives solicit or receive unlawful benefits, exert or utilize any unlawful influences to award an agreement to the project developer (Wang and He, 1999; . R1-2 Allocation of Political Risk. It is logical that political risk should be solely borne by the government because only the government has the capability to control it. The private party can seek guarantee from the government through defining the rights and obligations in the concession agreement and try to obtain government's written credit support (Gao, 2002) . If the political risk is unavoidable, the government should compensate the project company through financial subsidy or adjusting concession price or/and period based on market rules. In addition, it is advisable to look for insurance from commercial insurance companies or public agencies, such as export credit and multilateral development institutions. Insurance on political risk will not only be beneficial in reducing political risk but also in obtaining project financing from commercial banks (Wang, 2003) .
r-2 legal risk
R2-1 Origin of Legal Risk. China lacks a unified national PPP legal system and has not yet formed a legal environment that is favorable for the execution of the PPP projects (Qi et al., 2010) . The PPP project-related problems are primarily handled according to the ministerial regulations or the local government regulations (yuan et al., 2007) . Thus, the project company usually needs to consume a high study cost and long adaptation time to familiarize with the local legal environment, and it is likely to be exposed to a high legal risk (Qi et al., 2010) . The PPP project-related legal risks are mainly derived from alterations of the related laws and regulations, such as land, tax, labor, environmental protection laws and the change of the government's macroscopic economic policies (fan, 2005; Phillips-Patrick, 1991) . for water industry, legal risks mainly manifest in the following aspects:
1. adjustment of land policy increases the expense for the land acquisition, dismantling, and relocation. 2. adjustment of industrial policy, such as preferential policy on the water project, results in cost overrun or income reduction. 3. adjustment of service standard (e.g. water quality standard) leads to operation cost overrun.
R2-2 Allocation of Legal Risk.
With regards to the current PPP water projects in China, the government bears most of the legal risks (Kong and He, 1999) . The reasons behind the risk allocation model are mainly due to the controllability of legal risks by the government and the risk sustainability of the concessionaire. The government has the power to establish and modify laws and thus has a strong ability to control and sustain the legal risk, while the concessionaire can only accept legal risks passively. This is in accordance with the risk allocation principle "risks should be assigned to the party who has the most risk management capability" (lam et al., 2007) . The legal risk can be transferred to the government through compensation clauses in the concession agreement in the form of heightened water price or extended concession period. Moreover, if the project company is unable to fulfill its obligations due to legal changes that meet the conditions of a force majeure, the project company has the right to discontinue its obligations (Deng, 2007) .
r-3 government credit risk
R3-1 Origin of Government Credit Risk.
It is well known that the PPP projects are backed by the effective credit guarantee structure which is composed of many project participators (Deng, 2007) . The participators' ability and willingness to fulfill the obligations constitute the credit risk of PPP projects (Wang and Jia, 2005) . Government credit risk refers to the risk that the government fails to fulfill and/or rejects to fulfill the contractual responsibilities and obligations (yan, 2005) . Under the uncertain institutional condition, the administrative system has not yet begun to process of institutionalization, standardization, and proceduralization, and the rules for the pricing model of the governed industry have not been established (Deng, 2007) . Governments at different levels are unable to make credible commitment to the future degree of marketization and profitability of project. Thus, using fixed repayment to attract private capital almost becomes the only strategy (yu and Qing, 2005). However, the local government did not make necessary institutional arrangements such as centering on the rate of return on investment (rof) and listing it under the institutional management or assigning a special management organization to settle disputes independently. It is inevitable to accumulate enormous credit risk (yan and ruan, 2003) . Credit risk of Chinese local government usually appears as the government's default risk in the form of performing obligation in arrears or terminating the concession agreement.
R3-2 Allocation of Government Credit Risk. naturally, government credit risk should be wholly borne by the government. In China, the Internal rate of return of many PPP projects is very high, allowing it to become the "gold mine" in many investors' eyes (yan and ruan, 2003). However, it also results in a high performance cost for the government, and heightens the uncertainty of government credit risk (yan and ruan, 2003) . no matter how passionate the government is and how alluring the promise made when a contract is signed, the adequate market investigation and analysis is still the key for the success of PPP projects. Changchun sewage treatment project as introduced previously is a convincing example.
r-4 market demand change risk
R4-1 Origin of Market Demand Change
Risk. Market risk refers primarily to the sales risk of project products or services, such as an increase or decrease in market demand. Market demand increase may require the concessionaire to expand the original project to meet the expanded demand of water volume, such as that in case 9. on the contrary, market demand decrease may result in the operation revenue risk to the private sector. Unless the project company obtains the government's promise that it will purchase the products as a whole or in parts at a reasonable price after the completion of the project, or the concessionaire will face a high market risk (Wang and He, 1999) . The commonly adopted measures to avoid market decrease risk are:
1. obtain purchase guarantee from the government Kong and He, 1999) . However, the host country or the third party will bear significant risks and their compliance cost will thus increase greatly. 2. obtain preferential policies from the government as compensation to the risk loss, (Kong and He, 1999) such as the provision of other PPP project facility or land development right to the private sector. 3. obtain competition protection from the government (Kong and He, 1999) . early project practice indicates that obtaining competition protection from the government is an effective response measure for market risk. Take the anglo-french Channel Tunnel Project as an example, the government promised that no more cross harbor connection facilities would be built in the next 33 years. This is also an efficient method to reduce the market risk for the water industry.
R4-2 Allocation of Market Demand Change
Risk. for the allocation of market demand change risk, two commonly used risk allocation strategies are:
1. The government and the private sector share the market risk. In order to ensure relatively stable cash flow, the government will generally sign an agreement with the project company to offer a guarantee on market risk through articles of "guarantee for minimum revenue" and "competition protection". This design of risk-sharing mechanism could attract private investors and achieve the goal of developing PPP procurement. for instance, the contract of the largest PPP transport project in australia: Melbourne round-the-city express Highway Project stipulated that if the government's behavior led to a decrease in the expressway profits, it had to make full compensations. on the other hand, if the government's action helped increase the expressway profits, it could only share 50% of the increased profits (Arndt and Maguire, 1999). 2. Market risk is usually shared by the government and the private sector in the water industry. However, in other industries, this risk is often fully assumed by the private sector, such as that in the Hong Kong Tunnel project. In this project, the concessionaire of HK tunnel assumed all risks related to construction, geology, environment, climate, financing, inflation, and cost escalation. And the government only provided guarantee on the risk of land acquisition, no guarantees or warranties are given with regard to the program for minimum traffic flows or economic returns, and future competitive routes (Zhang and Kumaraswamy, 2001 ).
r-5 inflation risk
R5-1 Origin of Inflation Risk.
Inflation is an important indicator to measure whether an economy is stable and healthy (Chen and Ma, 2007) . In modern economy, inflation means the rise of the overall price level as well as the fall of the purchasing power or the market value of currency. This risk is more apparent during the construction phase of PPP projects (World Bank, 2006) .
R5-2 Allocation of Inflation Risk. for PPP projects, there are two views on the allocation of inflation risks. The first view holds that the government shall provide a guarantee concerning inflation risks, i.e. risk should be allocated to the government primarily, as it is non-commercial risk and beyond the control of the concessionaire. Such risk can only be dealt with by the government and only the government has the power to take corresponding measures to avoid the risk or make up for the loss. Contract clauses on price fluctuations can be included in the concession agreement (payment agreement) against inflation risk. However, it is not easy to carry out this measure because the price adjustment formula can hardly cover actual additional cost precisely (Wang and He, 1999) . A second view holds that inflation risk should be equally shared by the government and the private sector. Take the water supply project in Chengdu as an example. The price of water is decided by the bidder in the tender. The private sector needs to make an assumption on the inflation rate, and assume risks arising from inconsistency between the actual and the forecasted inflation rate. In actual application, the second view seems more popular than the first view.
r-6 product price risk
R6-1 Origin of Product Price Risk.
The PPP products or services are necessities for the development of national economy and people's livelihood . Undervalued prices may decrease the expected profits of the investment and the enthusiasm of the private investors, which could further deter the development of regional PPP projects. While, outrageous prices may decrease the service efficiency of the infrastructure and the fairness of social welfare, even cause chaos to the pricing system, which may further induce economic and social problems. The water price under the purchase agreement is usually determined on the basis of a price formula that is agreed upon after negotiations among the private sector, the prospective water purchaser, the local governments, and the pricing bureau. once established, the price is subjected to an annual review by the pricing bureau and adjustments are made in accordance with the formulae . as time goes by, there is no assurance that the formulae would not be renegotiated and subsequently changed. Therefore, the adjustment may not be sufficient to cover increased cost due to various reasons, such as inflation and changes in regulations.
R6-2 Allocation of Product Price
Risk. Product price risk should be investigated, predicted, negotiated, and determined at the bidding phase after a detailed feasibility study is conducted by both parties. This risk should be shared by the government and the private sector jointly. The private sector can transfer part of the price risk to the government by obtaining a guarantee from the government and establishing an appropriate adjustment formula to balance the actual operation cost and water price. The operation costs should cover the local inflation, exchange rate and input costs (yang and Chen, 2004 ). This allocation model can not only make full use of capability of government in policy support, but it also benefits the enhancement of the service quality of the private sector.
r-7 inaccurate market forecast
R7-1 Origin of Inaccurate Market Forecast
Risk. Inaccurate market forecast risk is usually caused by substandard decision-making procedures, lack of PPP project operational experience and capacity, inadequate prepa-rations, or unequal information-sharing (Qi et al., 2010) . from the before mentioned practical cases, it can be seen that the main decision-making error is that of inaccurate determination of project size. If the size of a water plant exceeds the actual needs or is beyond the local socio-economic development planning, its idle processing power will result in inefficient investment and great financial burden to the government. In contrast, deficient volume scale will result in rebuilding and expansion risk.
R7-2 Allocation of Inaccurate Market Forecast Risk. PPP projects are often initiated by the government and a feasibility study is conducted by the private sector. Because the decision-making of the project scale is made by both parties, the risk of decision-making error should be shared by both sides.
r-8 contract risk
R8-1 Origin of Contract Risk. Contract risk mainly includes: (1) contract documentation errors, ambiguities and inconsistencies; (2) unreasonable risk-sharing; (3) a lack of commitment from both parties; and (4) unclear boundary between parts' responsibilities and obligations (Deng, 2007; Macneil, 1978) . as a PPP project usually lasts for several decades, great changes can take place in the social, political, and economic environment as time goes by. If the contract documents lack flexibility, some of the provisions will very likely become shackles to parties in the future.
R8-2 Allocation of Contract Risk. according to the fault rule that risk should be borne by the party who makes the mistake or fails to perform the obligation (Deng, 2007) , contract document risk arising from different reasons has different risk allocation models.
1. risks arising from poor contract management in the private institutions should be assumed by the private sector. 2. risks arising from imprecise contract terms should be shared by the government and the private sector.
3. risks arising from changes in policies/ regulations should be borne by the government.
r-9 financing risk
R9-1 Origin of Financing Risk. financing risk is usually caused by a unreasonable financing structure (Standard & Poor, 1997) , an unhealthy financing market, a single financing channel, an imperfect financial security system, financing availability (Li et al., 2005) , and other factors. The most common financing risk is the difficulty in fundraising. Two out of the nine cases encountered this risk. To obtain a loan, two major elements should be appropriately handled. The first one is the revenue stream of the project, which is linked with the payment mechanism defined in the purchase agreement that is signed by the government and the concessionaire. The second element is the payout stream of the concessionaire, which depends on the complexity of construction, the length of the building period, the experience of the building contractor and the operational cost. Therefore, to facilitate project financing, the best method is to transfer the revenue stream risk to the government through a purchase agreement and transfer the payout risk to the general contractor by an engineering Procurement Construction (ePC) contract.
R9-2 Allocation of Financing Risk. The main allocation model for financing risk is that the private sector entirely bears the financing risk. The essence of PPP procurement is to allow the private sector to finance, build, and operate a project under the concession contract. However, under specific circumstances, if the government can provide a loan or loan guarantee to the private sector, then the financing risk and the success of the project may be reduced and promoted, respectively. for example, 1) the australian government provided long-term loans and operating costs subsidies to the concessionaire in the Harbor Tunnel Project (Kong and He, 1999) ; 2) The Taiwanese government developed special "bonuses" and preferential policies in interests and loans, including tax deduction and exemption, and preferential land rent and development to encourage private participation in infrastructure during the construction period of Taiwan's high-speed railroad (Song, 2006) . from these practical experiences, it can be concluded that financing risk can not only be exclusively assumed by the private sector but can be shared by the government and private sector jointly.
r-10 lack of supporting infrastructure risk
R11-1 Origin of Supporting Infrastructure
Risk. Supporting infrastructure risk represents the condition in which the facilities that are necessary for the construction, operation, and management of PPP water projects are not available in a timely manner or at a fair price . although the supporting infrastructure is not generally part of a PPP project, it has significant influence on a PPP project's normal construction and operation. Take the Wuhan lake Tomsh Sewage Treatment Plant as an example: the matching network for sewage delivery was not available in time and the sewage plant was therefore suspended for a period of 36 months and polluted a nearby lake. eventually, the plant was liquidated and transferred to the Wuhan municipal government by way of asset evaluation (Qi et al., 2010) .
R11-2 Allocation of Supporting Infrastructure Risk. Without a doubt, the supporting infrastructure risk should be borne by the government. The private sector needs to transfer this risk to the government through a "take-orpay" agreement so as to ensure project returns and avoid any supporting infrastructure risk. even if the input water volume is seriously underestimated due to a lack of matching network for sewage delivery, the project company can still obtain a reasonable sewage treatment fee based on guarantee clauses.
r-11 technical risk
R11-1 Origin of Technical Risk. Technical risks are usually reflected in the following three aspects:
1. The technology used is unable to meet the predetermined standards and requirements (Deng, 2007; Zhou and Wu, 2003) . 2. Since new technologies (such as new materials, new energies, new equipment) adopted are immature, the production efficiency of PPP projects is lower than the anticipated level, and the project quality fails to meet the expected quality standards (Deng, 2007) . 3. The progress in science and technology requires the continuous update of materials, construction, and products. The failure to keep up the pace of technological renewal can bring about high project costs and poor applicability, thus forcing the private sector to make additional investments for project renovations or transformations (Deng, 2007) . R11-2 Allocation of Technical Risk. It is widely accepted that technical risk should be borne by the project company. This can be explained by the fact that the project company has more competence to control this sort of risk than the government. for technical risk prevention and control, the project company needs to select qualified and experienced construction contractors and operators with advanced and mature technologies to construct and operate project. If a technical malfunction is caused by the contractor, the contractor's performance bond can be used to compensate the risk loss. Usually, the contractor's performance bond will not be refunded until several months or years after the project completion and commissioning (Gao, 2002) .
lessons learned from the nine case studies
earlier research studies showed that risk allocation strategies were determined, to some extent, by the risk category (Wang and Chou, 2003) . risks that fall into different risk categories may have different risk allocation strategies (Wang and Chou, 2003) . according to the aforesaid discussions, the risk factors and their risk allocation models are summarized in Table 4 . Risks from the macro level including political, legal risks and government credit risk, or risks that are directly related to government action or beyond the management capability of the private sector, such as supporting infrastructure risk, should be allocated to the government. likewise, risks that can be effectively controlled by the private sector's aptitude altitude and experience, such as technical risk, should be borne by the private sector. For inflation risk, product price risk and inaccurate market forecast from the meso level, it is advisable to share them between the public and private sectors, as neither the public nor private sectors can tackle these risks independently. Moreover, market demand change risk, contract document risk and financing risk have no proposed explicit allocation strategy as it is difficult to clearly determine who should bear or share these risks; their risk allocation model strongly depends on specific project circumstances. Based on the risk allocation matrix, the private sector can further allocate private risk to construction contractors, operations contractors, and insurers. The government can also further allocate the government risk to the enduser, which forms a risk guarantee structure as shown in Table 5 . note: "Government" denotes that risks should be wholly borne by the government; "Private" denotes that risks should be holly borne by the private sector ; "Shared" denotes that risks should be shared by the government and the private sector; "Undecided" denotes that risks have no explicit allocation strategy It is worth noting that different PPP projects differ in the following aspects, (1) frequency and severity of risk; (2) the participator's risk control and project loss-bearing capability; (3) the contractual party's negotiation ability; (4) the PPP project competition situation; (5) the private sector's investment strategy; and (6) the risk preference (arndt and Maguire, 1999; loosemore and McCarthy, 2008; Thomas et al., 2003) . They are a large number of factors affecting the allocation of risk, risk allocation of the PPP project can be uncertain and can change continuously according to the actual context of the project. Hence a partnership established on the basis of mutual trust and mutual benefit is more important than the pursuit of optimum risk allocation. The project participators should pay more attention to the overall balance of risks and benefit, and the intrinsic risk guarantee structure of PPP projects. Moreover, it can be seen from Table  2 that most risk events for PPP water projects in China were incurred by the government or directly connected to government action. Currently in China, government risks are considered as one of the most important risk factors to be tackled by project practitioners (Sachs et al., 2007) . The Chinese central government and local governments lack requisite experience, laws and policies to guide the execution of PPP ventures Sachs et al., 2007) . These could result in government imposing illegal or undue interference and constraints on the private sector during the execution of PPP projects. A definition solution is to transfer these risks to the government through concession agreement.
conclusions
a large number of public-private partnership projects have been developed during the infrastructure development in China and a variety of risks have been encountered. This necessitates the identification, analysis and allocation of critical risks to promote the success of PPP projects. nine PPP water projects in China were scrutinized and 11 critical risks including (1) political risk; (2) legal risk; (3) government credit risk; (4) market demand change risk; (5) inflation risk; (6) product price risk; (7) inaccurate market forecast risk; (8) contract risk; (9) financing risk; (10) supporting infrastructure risk; and (11) technical risk were identified from real-risk events. The origin of risk factors was then analyzed and discussed based on China's current political, economic, and legal circumstances. Preferred risk allocation strategies were also suggested as follows:
Political, legal, government credit, and -supporting infrastructure risks should be allocated to the government. Technical risk should be borne by the -private sector. Inflation risk, product price risk, and in--accurate market forecast risk should be shared between the public and private sectors. Market demand change, contract, and -financing risk have no explicit allocation strategy, as these depend on specific project circumstances. The proposed risk sharing mechanism could help the government and the private sector to achieve a more equitable allocation of tasks and thus decrease the time and cost of contract negotiation. It is believed that the experience gained from the case studies will benefit the execution of ongoing and subsequent PPP projects. To enhance its general application, the further validation of research findings through additional cases or empirical studies should be conducted.
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